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Strategic International Collaborative Research Program (SICORP)
Japan - France Joint Research Program
Executive Summary of Final Report

1. Project title : lntracellular tracking of protein function by design and synthesis of
fluorogenic probes for MEMOEY imaging |

2. Research period : September, 2016 ~ March, 2020

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Kazuya Kikuchi Professor | Osaka University Director of the
entire project
Collaborator | Yuichiro Hori Associate | Osaka University Functional
professor evaluation of
probes
Collaborator Masafumi Assistant | Osaka University Probe synthesis
Minoshima professor
Collaborator | Gao Jingchi Ph.D. Osaka University Probe synthesis
student
Collaborator Maho Umeno Graduate | Osaka University Functional
student evaluation of
probes
Collaborator Miyako Nishiura | Technical | Osaka University Functional
staff evaluation of
probes
Total number of participants throughout the research period: 14

France-side
Name Title Affiliation Role in the
research project
Pl Jens Hasserodt Professor | Ecole Normale Director of the
Supérieure de Lyon | entire project
Collaborator Mathieu Bordy Ph.D. Ecole Normale Probe synthesis
student Supérieure de Lyon
Collaborator | Alix Tordo Ph.D. Ecole Normale Probe synthesis
student Supérieure de Lyon
Collaborator Jeremy Salaam Ph.D. Ecole Normale Probe synthesis
student Supérieure de Lyon
Collaborator | Corentin Ph.D. Ecole Normale Probe synthesis
Gondrand student Supérieure de Lyon
Collaborator Damien Curton Ingenieur | Ecole Normale Functional
d’Etude Supérieure de Lyon | evaluation of
probes

Total number of participants throughout the research period: 7

4. Summary of the international joint research

The dynamic change of the whereabouts of a protein in the cell is intimately linked to the
regulation of its function. In the case of membrane proteins, their translocation to the cell
surface or intracellular vesicle/organelle is crucial for cellular function. The deregulation of
this translocation is frequently observed in diseases such as cancer and diabetes.
Microscopic techniques to unravel the mechanisms underlying such translocation are mostly
based on fluorescence imaging. These mechanisms are the basis for the development of
new therapies. The transient nature of protein migration and/or the protein's low copy
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numbers inside the cell are significant hurdles to the reliable determination of the protein's
whereabouts. A novel strategy currently favored by international experts is to teach the cell
to produce a tandem protein, composed of the protein of interest and one that the chemist
can label with an intensely fluorescent chemical. The Japanese partner has contributed his
proprietary technique to this project (PYP-tag) and his expertise in the creation of cells
producing such tandem proteins. The French partner, on the other side, furnished his line of
unigue small-molecule probes allowing for localization of the activity of a particular class of
proteins, the enzymes. Together, they imaged the translocation (tracking) of the protein
molecule "glucose transporter 4" (GLUT4) whose deregulation is observed in diabetes.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

Two separate approaches were pursued. 1. The Japanese partner has previously
demonstrated that the protein PYP can be permanently labeled with a single copy of a
pro-fluorescent small molecule, that becomes intensely fluorescent upon labeling, thus
allowing for PYP to be tracked during its intracellular migration. 2. The French partner has
developed an independent line of pro-fluorescent small molecules that act as specific
substrates for certain proteins called enzymes; their chemical conversion by the enzyme
results in the precipitation of the now intensely fluorescent probe fragment which not only
promises to allow for the localization of the enzyme, but also to enhance detection sensitivity,
because a single copy of the enzyme molecule activates a thousand copies of the
pro-fluorescent substrate molecule.

In the PYP-tag project, the Japanese partner developed a new PYP-tag probe, CG1.
CG1 enhanced fluorescence upon labeling reactions, and enabled high-contrast imaging of
proteins. The partner also created PYP-tag with three mutations, PYPNQN, PYPNQN showed
faster labeling kinetics and brighter fluorescence than wild-type PYP when using CGL1.
PYPNQN-pased labeling visualized GLUT4 much more brightly than that using wild-type PYP.
The combined use of CG1 and PYPNON overcame the limitation of protein detection in living
cells and will benefit the determination of translocation dynamics of many proteins of interest.
The French partner obtained two small molecule probes, one reporting on the activity of
BLAC, the other on that of CPG2. The BLAC probe generated solid-state fluorescence upon
contact with BLAC in vitro. The CPG2 probe has been determined to be perfectly robust,
responding specifically to the bacterial enzyme CPG2, while remaining silent in the
presence of mammalian enzyme counterparts, a prerequisite for its exploration as a new
protein tag and/or reporter gene system. Using the BLAC probe, the Japanese partner
successfully imaged a small number of GLUT4 transiently translocated to the membrane.

5-2 Synergistic effects of the joint research

PYPNQN created by the Japanese group was generated as a result of international
collaboration. Dr. Bordy in the French group created PYP-tag with a single mutation, leading
to creation of PYPNON that allows protein imaging with excellent labeling kinetics and
brightness. Umeno of the Japanese partner developed a synthetic route to a molecular
variant of the BLAC probe that is explored for its ability to efficiently penetrate the cell wall.
The Japanese partner has precious know-how for the preparation of cells expressing
proteins. The French partner can supply the Japanese partner with enzyme-responsive
probes showing unique performance in microscopic fluorescence imaging. As a result of the
collaboration, localization of a small number of proteins were successfully detected.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The protein labeling system using CG1 and PYPNQN offers a solution when the protein
expression level is too low to image a protein of interest. The high sensitivity of this system
will also allow detection of transiently localized proteins.

The line of small molecule probes developed by the French partner has received a
significant boost from the public funding, allowing him to file two new patent applications that
have been licensed by the University of Lyon to the startup company Molsid.com.
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1. Meeting for JST/ANR Joint Program on “Molecular Technology” -Gluttrack: Intracellular
tracking of protein function by design and synthesis of fluorogenic probes for MEMORY
imaging-, K. Kikuchi (Osaka University, Professor) and J. Hasserodt (ENS de Lyon,
Professor), ENS de Lyon (France, Lyon) Aug 27-28, 2018, 10 participants

2. The 2nd Meeting for JST/ANR Joint Program on “Molecular Technology” -Gluttrack:
Intracellular tracking of protein function by design and synthesis of fluorogenic probes for
MEMORY imaging-, K. Kikuchi (Osaka University, Professor) and J. Hasserodt (ENS de
Lyon, Professor), Osaka University (Osaka, Suita) Jun 7, 2019, 10 participants
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